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Ten years later, a collaboration with 
Sam Weiss, soon after his discovery 
of RNA polymerase, introduced 
me to transcription. Four years on, 
a sabbatical at the University of 
Geneva’s Biophysics group with Dick 
Epstein introduced me to phage 
and gene regulation. Mechanisms of 
transcription and gene regulation have 
been the continuing concern of my 
research. Essentially everything that  
I have worked on has been built on, or 
added to, that foundation. 
Your formal training as a physical 
chemist appears to be quite 
removed from the ideas and 
interests that you have pursued: 
what utility, if any, do you attribute 
to your graduate education? First of 
all, that was a long time ago. I started 
graduate school nearly two decades 
before molecular biology coalesced as 
a distinctive subject matter. Besides, 
anyone who teaches science and does 
research for a sufficiently long time 
ends up effectively self-taught. It is the 
continuing change of understanding 
that lends biology much of its current 
fascination. 
Second, as I have already said,  
I have, in fact, followed a coherent set 
of ideas since graduate school. The 
interest in mechanism, the tendency 
to dig more deeply in that pursuit 
(and occasionally lose sight of the 
larger initial purpose) has stayed 
with me from the time of my initial 
exposure to research. Incidentally, 
I made my first DNA prep in 1951, 
together with Barbara Bunce (McGill), 
my fellow graduate student, using 
a method devised by the Swiss 
biochemist R. Signer, which started 
with calf thymus collected fresh from 
a local slaughterhouse and many 
weeks later yielded a large quantity 
of highly purified and relatively high 
molecular weight material. Current 
advertisements promise to achieve 
the same outcome, automated for 
hundreds of separate samples, in the 
time that it takes to view and erase the 
day’s clutter of email.
Who are your scientific heroes? 
There are qualities in science that  
I admire and many scientists I know 
who embody them, including some 
who have been my friends and 
teachers: people who combine their 
talent for discovery with a commitment 
to the public good; people who have 
had the courage to retain their personal 
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What influences have shaped your 
career? I do not have a simple answer 
to that question. I would have to begin 
at age nine or so, at the latest, and 
my family’s dramatically changing 
circumstances at that time. I was not 
simply destined to be a scientist at 
birth. In other circumstances, I might 
have followed other paths.
Well then, at least tell me 
something about scientists who 
have had the most influence 
on your research? Three people 
come immediately to mind: Paul 
Doty, Sam (Samuel B.) Weiss and 
Dick (Richard H.) Epstein. Paul Doty, 
my Ph.D. research advisor, offered 
encouragement at the outset (despite 
evidence at hand of an uninteresting 
Ph.D. thesis). I was in the second 
group of Physical Chemistry students 
to enter his lab at Harvard and left 
Cambridge in 1952, several years 
before the ten-year period that saw the 
Doty lab’s principal contributions to 
the foundations of molecular biology. 
But the idea that understanding the 
physical properties of large molecules 
might have an impact on human health 
was implicit in what we were doing and 
provided part of the foundation of my 
subsequent thinking. 
Q & A and scientific integrity in difficult circumstance and at professional 
or personal peril; people who have 
had the determination to pursue a 
question for decades; but also people 
who appear to have an unending 
capacity for embracing new ideas and 
enthusiasms; gifted teachers; graceful 
and eloquent writers.
What have been some of the most 
thrilling moments in your research? 
Those that I recall most vividly involve 
experiments done with my own hands 
and circumstances in which a single 
experiment opened a new door or 
immediately revealed a new insight. 
That rare rush of excitement and 
sense of triumph sustains (entrains 
may be the better word) a life-long 
endeavor. The satisfactions of answers 
arrived at by co-workers and by the 
stepwise refinement of evidence are 
of a different kind: there, the sense of 
mastery, of consistently being able 
to design striking or even elegant 
experiments that produce new 
insights, the sense of “we understand 
what we’re doing for a change; let’s 
enjoy it…” offers a different kind of 
exhilaration. The important thing here 
is to be wary of the dangerous comfort 
of slipping into routine.
You have been active in research 
for many years: to what do you 
attribute this longevity? The “You 
are old, Father William…” question. 
My answer has generic as well as 
personal components. In general, 
a characteristic that is common 
to scientists who have sustained 
continuously active research through 
multiple decades is tenacity and a 
degree of combativeness. Because 
these personal qualities are widely 
shared among productive scientists, 
there have to be other contributing 
parameters. I think of these in terms 
of things that are best not to have 
happened: finding some new interest; 
suffering one defeat too many (of a 
favorite idea); failures of reasonable 
health (although we celebrate 
astonishing contrary examples); 
assaults on personal tranquility; a lack 
of good fortune (to have done the right 
experiment at the right time or have it 
work at the right time). 
Each of these items is a contributor 
to attrition; a low score increases 
probability of survival. I imagine you 
already understand that I think about 
the answer to this question in terms 
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What is a paternally transmitted 
parasite? Parasites have evolved a 
huge range of strategies to transmit 
from host to host. These can be 
grouped into horizontal transmission 
from individual to individual, and 
vertical transmission from parent to 
offspring. The most common form of 
vertical transmission is maternal, with 
the parasite passing from mother 
to offspring, usually through eggs. 
Paternal transmission is when the 
parasite is instead passed father to 
offspring, typically through sperm 
or pollen. These strategies are not 
mutually exclusive, and a parasite 
may use a number of different 
transmission routes.
Why be paternally transmitted? 
Imagine a parasite that is only 
transmitted vertically by females; 
if it is not passed to 100% of the 
offspring it will decline in frequency 
each generation until going extinct. 
Even if transmitted to 100% of 
offspring, if it harms the host it 
will again go extinct. However, if a 
pathogen is transmitted by males as 
well as females, it can persist and 
spread through the host population.
But we know about lots of purely 
maternally transmitted parasites, 
why haven’t they gone extinct? 
Maternally transmitted parasites 
include bacteria, microsporidia and 
viruses, and some of these, such 
as the bacterium Wolbachia, are 
very common in arthropods. These 
parasites have evolved a number of 
strategies to spread through host 
populations without being paternally 
transmitted. These include distorting 
the sex ratio towards the females 
that transmit them, or inducing 
mating incompatibilities between 
infected males and uninfected 
females. However, if transmission 
occurs equally through both females 
and males, such strategies are not 
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of survival curves and that I am a bit 
skeptical of science being intrinsically 
a young woman’s or man’s game. 
When we ultimately understand the 
neurobiological basis of creativity in 
science, I doubt that we will have a 
cellular mechanism-based affirmation 
of that frequently made assertion about 
the primacy of youth (which is most 
frequently heard from no-longer young 
researchers-turned-administrators). 
As for the personal answer to your 
question, I am very much aware 
of the role that chance has played 
in determining the path of my own 
scientific career over the past sixty 
years. I might add that I confront the 
prospect of no longer having a base of 
activity in my own research lab without 
relish. 
What are your views of editors? 
The relationship between editors 
and scientists has changed, most 
markedly in the biological sciences. 
The contributing circumstances are 
many: a huge expansion of the flow of 
information; increased specialization; 
an enormous proliferation of journals; 
attempts to quantify and rank 
reputation and to make its assessment 
‘objective’; and a significant shift of 
business models in science publishing 
are aspects that come to mind. The 
consequence of all this that I find 
least palatable is the ascent of a new 
class of scientific editors exerting 
a new degree of influence on and 
control over what science receives 
precedence, attention and resources, 
and which scientific careers prosper. 
Passing judgment on these matters 
is an integral element of science, 
and especially of science done with 
considerable quantities of someone 
else’s money. What is new is the 
dominant role of people who lack 
the legitimacy of significant personal 
scientific achievement and discovery. 
In the past, editors of scientific 
journals have been the scholarly and 
respected servants of science. They 
have increasingly become its feared, 
flattered and ridiculed masters. 
That science publishing, once the 
province of scientist-run professional 
organizations, is increasingly fallen 
into commercial hands exacerbates 
the sense of chasm separating us, the 
scientists, from them, the editors. 
What advice do you have for 
a student trying to figure out 
whether to risk embarking on a 
career in science? I’m glad you 
have posed the question in that way. 
Of course, my own experience has 
been specific to another time and 
emphatically does not qualify me to 
offer guidance, especially as we all 
appear to be programmed to idealize 
the past. Having acknowledged that, it 
is nevertheless realistic to regard the 
present situation as confronting the 
aspiring scientist with an especially 
high degree of uncertainty along 
with an unprecedented range of 
opportunity. The challenges of our 
current situation are in plain view: the 
increasing difficulty of securing support 
for investigator-initiated research; the 
increasing financial difficulties of public 
universities, which have been part of 
the foundation on which this country’s 
scientific achievements have been 
built; the increasing role in biology of 
large-scale and large-team science. All 
these tendencies delay the start, and 
diminish the probability of being able to 
embark on a career as an independent 
scientist, dedicated to bringing new 
discoveries to light. 
On the other hand, thinking 
particularly about biology and the 
biology-inspired physical sciences, 
there is an explosion of fascinating 
questions that have concrete 
prospects of proving answerable, 
thanks to technological advances 
along many fronts. At the same time, 
the diversity of gainful, socially worthy 
and important employment (two out 
of three ain’t bad) that is open to 
talented people with contemporary 
and intense research experience has 
greatly increased during my time as 
a scientist. As a consequence, the 
specific ambitions that fire entrants to 
our profession, as well as their ultimate 
paths in life, have grown more diverse. 
I regard that as a generally good thing. 
As these are not easy times, it is the 
young person who cannot imagine 
doing anything else who is best armed 
to enter the fray. For that science-
compelled young woman or man, I 
offer the encouragement that violinists 
have it even harder. Some, as they 
gaze adoringly at their first-born, may 
realize that they would like to make 
more money and switch to investment 
banking or venture capital consultancy. 
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